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A  case  study  of  a goat  metatarsal  exhibiting  a complex  diaphyseal  fracture  from  Pottery  Neolithic  Jarmo  in
the Central  Zagros  region  of  the eastern  Fertile  Crescent  is here  described  and  analysed.  The  Central  Zagros
is one  of the  areas  with  the  earliest  evidence  for goat  domestication.  The  signiﬁcance  of  the  pathology  may
be  viewed  within  the  context  of  domestic  goat  ecology  in the  landscape  of  Jarmo,  potentially  impacting
browsing  behaviour  (goats  raise  themselves  on their  hind  limbs  to  browse)  and  movement  with  the  herd
in  the  landscape  (the terrain  around  Jarmo  is  very  steep  in  places,  which  would  be difﬁcult  for  an  animaloat domestication
uman–animal relationships
armo
eolithic
ear East
to  navigate  on  three  legs).  In the  light  of  this, possible  levels  of  care  that the  Neolithic  human  community
may  have  afforded  this  animal  are discussed  –  from  a situation  where  therapeutic  intervention  may  have
occurred,  to  one  of  stall  conﬁnement  of  the  animal  to  allow  the pathology  to  heal,  to a  position  of  simple
awareness  of the  condition  – and  how  this  impacts  on  our understanding  of changes  in attitudes  towards
animals  through  the  process  of domestication.
© 2014  The  Authors.  Published  by  Elsevier  Inc. This  is  an open  access  article  under  the  CC  BY  license
(http://creativecommons.org/licenses/by/3.0/).. Introduction
Past cultural attitudes towards animals can be revealed through
he study of pathologies in zooarchaeological material (Bendrey,
014; Upex and Dobney, 2012). Traumatic injuries, as discussed
elow, can give insights into possible cases of accident, abuse, ‘occu-
ational’ injury, care and treatment of domestic animals (e.g. Baker
nd Brothwell, 1980; Groot, 2008; MacKinnon, 2010).
A pathological goat (Capra hircus,  L. 1758) metatarsal from the
ite of Jarmo, Iraq, is described here, and the possible insights
hat this specimen provides in terms of past human–animal rela-
ionships are brieﬂy explored. These potential insights begin to
ake on some signiﬁcance when viewed within the context of ani-
al  domestication. Domestication is now regarded as a long and
radual process, involving an intensiﬁcation of human–animal rela-
ionships (Dobney and Larson, 2006; Vigne, 2011; Zeder, 2011,
006). Further, the site of Jarmo is located in the eastern Fertile
rescent, one of the regions of early goat domestication, and is one
f the earliest sites in this region where there is clear and unequiv-
cal evidence for domestic goat husbandry (Stampﬂi, 1983; Zeder,
008; Zeder and Hesse, 2000).
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879-9817/© 2014 The Authors. Published by Elsevier Inc. This is an open access article u2. The site of Jarmo
Jarmo is a late Pre-Pottery Neolithic (PPN) and Pottery Neolithic
(PN) settlement located in north-east Iraq (Fig. 1) and was exca-
vated by Robert Braidwood between 1948 and 1955 (Braidwood
and Howe, 1960; Braidwood et al., 1983). The site is located on
a promontory above the Cham-Gawra wadi (Fig. 2) in the inter-
montane valley of Chemchamal, at around 800 m above sea level.
At the time of excavation, Jarmo was  one of the earliest settle-
ments with evidence for a farming economy. Jarmo is interpreted
as a permanent, year-round settlement of an early village-farming
community. It reached 1.3 hectares (3.2 acres) at its greatest
extent and was  inhabited by an estimated 150 or more people
(Braidwood et al., 1983). The Neolithic inhabitants husbanded
animals, cultivated plants, and also hunted and collected wild
resources (Braidwood et al., 1983).
Caprine bones (those of goats and sheep) dominate the
zooarchaeological assemblage recovered during Braidwood’s exca-
vations, with goats predominant (Stampﬂi, 1983). Analysis of the
caprine assemblage by Stampﬂi (1983) and Zeder (2008) indicate
that both domestic goats and sheep were exploited at the site.
Domestic pigs are also identiﬁed from Neolithic Jarmo, alongside a
range of wild animals (Flannery, 1983; Price and Arbuckle, in press;
Stampﬂi, 1983).
Current evidence for the antiquity of domestic goat populations
in the Zagros region extends back to c.7900 cal BC at Ganj Dareh,
nder the CC BY license (http://creativecommons.org/licenses/by/3.0/).
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Fig. 1. Location map  showing Jarmo in the piedmont zone on the western side of t
Fig. 2. The steep escarpment dropping down to the Cham-Gawra wadi from the
north-west edge of the site of Jarmo
Photo: author, April 2012.he Zagros mountains and some other key Early Holocene sites in the region.
located in the higher parts of the Zagros mountains (Fig. 1) (Hesse,
1978; Zeder and Hesse, 2000; Zeder, 2005, 2008). The movement
of domestic goat husbandry from the uplands, in the natural habi-
tat of goats, has been tracked to the lowland sites of Ali Kosh by
c.7500 cal BC (Hole et al., 1969; Zeder, 2008) and to PPN Jarmo by
the later eighth millennium BC (Stampﬂi, 1983) (Fig. 1). The spec-
imen considered here derives from the Pottery Neolithic at Jarmo,
dating to around 7000–6500 cal BC (Braidwood et al., 1983, pp.
160–163; Zeder, 2008). See the supplementary material for details
of the stratigraphic provenance of the specimen.
3. The specimen: osteological description
The specimen is a left goat metatarsal (Figs. 3 and 4; museum
catalogue number PM 61481). The bone exhibits a complex dia-
physeal fracture, which has subsequently healed to the point that
it is difﬁcult to judge fully the original extent and direction of the
breaks. The fractured ends of the diaphysis have united and become
stabilised. See the supplementary material for further details and
discussion of the specimen.
4. Discussion
Discussions of isolated pathological specimens are clearly
limited in terms of what they can contribute to our understanding
of past human–animal relationships (Bendrey, 2014; Thomas and
Mainland, 2005; Upex and Dobney, 2012). However, this traumatic
injury raises interesting questions in terms of human attitudes
towards early domestic goats and the level of care that may have
been afforded them. These can bring to the fore issues that, as a
discipline, we need to be addressing, especially in terms of our
understanding of the processes of animal domestication. In this
respect, a key question relates to whether there is evidence for
therapeutic intervention.
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Fig. 3. Medial (a), anterior (b), lateral (c) and posterior (d) views of the pathological goat metatarsal. Lines indicate the three different axes identiﬁable in the proximal view
of  the diaphysis – changes in alignment are marked ‘1’ and ‘2’. Arrows indicate the ‘ridge’-like pathological bone formed protruding from the lateral and medial edges of the
posterior diaphysis surface.
Fig. 4. X-rays of the goat metatarsal in lateral (a) and posterior (b) views
X-rays courtesy of William Simpson, FMNH, Chicago.
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aig. 5. A goat, with most of its weight acting through its hind limbs, browsing near
estansur, north-east Iraq
hoto: author, April 2012.
The fracture in the goat metatarsal is well-healed and while it is
oreshortened there is little medio-lateral deviation (Figs. 3 and 4).
his is similar to a number of specimens described by Udrescu and
an Neer (2005) argued to be possible cases of human intervention
hrough reduction and splinting. This interpretation was reached
ecause the bones healed in good anatomical alignment in the
bsence of a natural splint or surrounding muscle mass to immo-
ilise the fracture (Udrescu and Van Neer, 2005). However, Udrescu
nd Van Neer (2005) have identiﬁed two similar cases of healed
ractures occurring in roe deer metacarpals, suggesting that such
ealing of fractures could also occur naturally. Indeed, small rumi-
ants such as goats and roe deer can fully function on three legs,
earing no weight on an injured limb (e.g. Newman and Anderson,
006; Smith and Sherman, 1994, pp. 71). As such it is possible that
 degree of healing could have been achieved without assistance,
uch as external immobilisation, assuming the animal was  careful.
The potentially serious nature of a complex metatarsal frac-
ure, however, may  be viewed within the context of domestic goat
cology at and around the site of Jarmo, in relation to the move-
ent and feeding of the animal. Such damage to a hind limb could
ave affected the animal’s ability to feed, due to the forces exerted
hrough the hind limbs during browsing (Nonga et al., 2009; Fig. 5).
urther, around Jarmo the terrain is very steep in places (Fig. 2), and
he severity of the fracture could have compromised the goat’s abil-
ty to move over some of this terrain on three legs. Thus, although
here is no evidence for splinting, care or protection may  have been
rovided for this animal by human inhabitants of Jarmo to allow
he bone to heal, such as stall conﬁnement. Udrescu and Van Neer
2005, 31) suggest that the natural healing of such fractures “in
mall livestock can take place without much distortion if the ani-
als are young and if they are nourished and protected by stall
onﬁnement for several weeks, with the application of bandages
r not”. This could have been accomplished in different ways, for
xample there is evidence for domestic animal pens as far back as
.7600 BC at Sheikh-e Abad (Fig. 1; Matthews et al., 2013). Lastly,
he pathology must have been visible to the herders and a conscious
ecision made not to cull the animal immediately (whether or not
ny level of care was given in relation to this pathology).
Although we cannot decipher the precise level of care and atten-
ion afforded to this goat by the Neolithic herders of Jarmo, the
athology does present a few insights into potential human atti-
udes. These range from a situation where therapeutic intervention
ay  have occurred, to one of stall conﬁnement of the animal to
llow the pathology to heal, to a position of simple awarenessaleopathology 7 (2014) 33–37
of the condition with the decision to not cull the animal. These
would all point to differing levels of concern and care for domestic
livestock, which may  be linked into issues such as herd manage-
ment decisions and retention of stock/protection of resources, but
also perhaps more personal or emotional bonds between humans
and their animals. What this ﬁnd from Jarmo does bring to the
fore, when asking these questions, are issues related to the tempo
of changes in attitudes towards animals through the process of
domestication and precisely how, and when, did early farmers care
for their stock.
Acknowledgements
The research for this article was  funded by the AHRC within
the framework of the Central Zagros Archaeological project (AHRC
grant number: AH/H034315/2; www.czap.org/) and the Scientiﬁc
Archaeology Research Group, Department of Archaeology, Univer-
sity of Reading. I would like to thank William Simpson and Ken
Angielczyk (Field Museum of Natural History, Chicago) for per-
mission to examine the Jarmo ﬁnds and their kind assistance. The
X-rays are courtesy of William Simpson. I would also like to thank
Dr Sue Dyson, Prof Gerhard Forstenpointner and Prof Johann Koﬂer
for kindly discussing this ﬁnd with me. I am also very grateful for the
very helpful comments of two anonymous reviewers of the paper.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.ijpp.2014.06.003.
References
Baker, J., Brothwell, D.R., 1980. Animal Diseases in Archaeology. Academic Press,
London.
Bendrey, R., 2014. Animal paleopathology. In: Smith, C. (Ed.), Encyclopedia of Global
Archaeology. Springer, New York, pp. 258–265.
Braidwood, L., Braidwood, R., Howe, B., Reed, C., Watson, P.J. (Eds.), 1983. Prehistoric
Archaeology Along the Zagros Flanks. Studies in Ancient Oriental Civilization
105.  University of Chicago Oriental Institute, Chicago.
Braidwood, R.J., Howe, B., 1960. Prehistoric Investigations in Iraqi Kurdistan. Stud-
ies  in Ancient Oriental Civilization 31. University of Chicago Oriental Institute,
Chicago.
Dobney, K., Larson, G., 2006. Genetics and animal domestication: new windows on
an  elusive process. J. Zool. 269, 261–271.
Flannery, K.V., 1983. Early pig domestication in the Fertile Crescent: a retrospective
look. In: Cuyler Young, T., Smith, P.E.L., Mortensen, P. (Eds.), The Hilly Flanks:
Essays on the Prehistory of Southwest Asia. Studies in Ancient Oriental Civiliza-
tion, no. 36. Oriental Institute, University of Chicago, Chicago, pp. 163–188.
Groot, M.,  2008. Understanding past human–animal relationships through the
analysis of fractures: a case study from a Roman site in the Netherlands. In:
Miklikova, Z., Thomas, R. (Eds.), Current Research in Animal Palaeopathology:
Proceedings of the Second ICAZ Animal Palaeopathology Working Group Con-
ference (BAR International Series 1844). Archaeopress, Oxford, pp. 40–50.
Hesse, B., (Ph.D. dissertation) 1978. Evidence for Husbandry from the Early Neolithic
Sites of Ganj Dareh in Western Iran. Columbia University, University Microﬁlms,
Ann Arbor.
Hole, F., Flannery, K.V., Neely, J.A., 1969. Prehistory and Human Ecology on the Deh
Luran Plain. Memoirs of the Museum of Anthropology 1. University of Michigan
Press, Ann Arbor.
MacKinnon, M.,  2010. ‘Sick as a dog’: zooarchaeological evidence for pet dog health
and welfare in the Roman world. World Archaeol. 42, 290–309.
Matthews, R., Mohammadifar, Y., Matthews, W.  (Eds.), 2013. The Earliest Neolithic
of  Iran: the Central Zagros Archaeological Project 2008 Excavations at Sheikh-e
Abad and Jani. Oxbow Books and British Institute for Persian Studies, Oxford.
Newman, K.D., Anderson, D.E., 2006. Fracture management in llamas and alpacas.
Small Rumin. Res. 61, 241–258.
Nonga, H.E., Makungu, M.,  Bittegekob, S.B.P., Mpandujib, D.G., 2009. Occurrences
and  management of lameness in goats: a case study of Magadu farm, Morogoro,
Tanzania. Small Rumin. Res. 82, 149–151.
Price, M.D., Arbuckle, B., 2014. Early pig management in the Zagros ﬂanks: reanal-
ysis of the fauna from Neolithic Jarmo, Northern Iraq. Int. J. Osteoarchaeol.,
http://dx.doi.org/10.1002/oa.2312/abstract (in press).
Smith, M.C., Sherman, D.M., 1994. Goat Medicine. Lea & Febiger, Malvern, PA.
Stampﬂi, H.R., 1983. The fauna of Jarmo, with notes on animal bones from Matarrah
the  Amuq and Karim Shahir. In: Braidwood, L., Braidwood, R., Howe, B., Reed,
C.,  Watson, P.J. (Eds.), Prehistoric Archaeology Along the Zagros Flanks. Studies
al of P
T
U
U
V
cent as viewed from the Zagros Mountains. In: Vigne, J.-D., Peters, J., Helmer,R. Bendrey / International Journ
in Ancient Oriental Civilization 105. University of Chicago Oriental Institute,
Chicago, pp. 431–483.
homas, R., Mainland, I., 2005. Introduction: animal diet and health – current per-
spectives and future directions. In: Davies, J., Fabisˇ, M.,  Mainland, I., Richards, M.,
Thomas, R. (Eds.), Diet and Health in Past Animal Populations: Current Research
and Future Directions. Oxbow, Oxford, pp. 1–7.
pex, B., Dobney, K., 2012. More than just mad  cows: exploring human–animal rela-
tionships through animal palaeopathology. In: Grauer, A.L. (Ed.), A Companion
to  Paleopathology. Blackwell, Chichester, pp. 191–213.
drescu, M.,  Van Neer, W.,  2005. Looking for human therapeutic intervention in
the  healing of fractures of domestic animals. In: Davies, J., Fabisˇ, M.,  Mainland,
I.,  Richards, M.,  Thomas, R. (Eds.), Diet and Health in Past Animal Populations:
Current Research and Future Directions. Oxbow, Oxford, pp. 24–33.
igne, J.-D., 2011. The origins of animal domestication and husbandry: a major
change in the history of humanity and the biosphere. C. R. Biol. 334, 171–181.aleopathology 7 (2014) 33–37 37
Zeder, M.A., 2011. The origins of agriculture in the Near East. Curr. Anthropol. 52
(S4), S221–S235.
Zeder, M.A., 2008. Animal domestication in the Zagros: an update and dirctions for
future research. In: Vila, E., Gourichon, L., Choyke, A.M., Buitenhuis, H. (Eds.),
Archaeozoology of the Near East VIII. Travaux de la Maison de l’Orient et de la
Méditerranée 49. Lyon, France, pp. 243–277.
Zeder, M.A., 2006. Central questions in the domestication of plants and animals. Evol.
Anthropol. 15, 105–117.
Zeder, M.A., 2005. New perspectives on livestock domestication in the Fertile Cres-D.  (Eds.), The First Steps of Animal Domestication: New Archaeozoological
Approaches. Oxbow Press, Oxford, pp. 125–146.
Zeder, M.A., Hesse, B., 2000. The initial domestication of goats (Capra hircus) in the
Zagros mountains 10,000 years ago. Science 287 (5461), 2254–2257.
